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THE DETERMINATION OF RESEARC:H OCTANE NUMBER OF G;ASOLINE FIJEVM

BV AN OCTANE ANALYZER

1, l\TH J)1 CTO \

The 4,itali 1aiaiilber of' fuels ha. beena detlriiied. Ii-Iprivall%. liv ~M~-eeo e niaw
ratim la li I thoI. % ST I 1) 2699 i the art itedu lre a t I foar ilet eraa 1nimg thle Resea rch (1et anae
Nimiher- (R( )N : %S'l'M 1) 2700J i . the proetlire emipltaiei f~or deteriniiag Motor ( Jetaiie

Nmniiler- f I N J. Bothi of tlie~w iethods require v.-eaitiaIIk the atuce eni e wich kel opaaeratedI

miiter lifferiaag uuaditioia- f'or tleterinaiin either the RO N (or the Wl(IN %alie. ( her the wears.

tli fitilt it' him e ell a-ssoci at ed %ilti file contiltia l mi teat ge ret liiiri-eets fot r thle

(:444 , era tiie Fuiels Resea rch ( I" i) eniginae. calIib rat iton retqiremaents o tf' [he eninle a iil
ditna lt i-m4-isi g1, e- . and I 444 ,eratkle teti atg nleed~ed for e t aliiw lot reviim an11 d 4

eligilte lest seierit\.

Becausi e of te nteed I 14 r a ii iapo d moiV -itre reliabdle14. anad lvs. comliaed me4I 11to 441ft r ~~
ilo tjimqiit,. thte pattellial for uatilizinig Ilte Foxboairoi Lliorcator ( )taae \aidizer 1% a il

i e-ti gat et f imbt er.

%aee-ith ithI Ile 0 ha- I i at ()(et due Aanal %zer. (lelelojaet la the (;iillf Re4'-arth midlDeiielal-

Iieli Comain.' aaid lieii-e 14) Foxbottro ati a a l. h&. ledto 4 anl venionii oa thte tirigiltal

4le-igtt to emalr the li-% l'ta~orta Area. Motdel 8I1-1. Lalboratirl ( hpiaae *%nali ?er. The Model

81-I. AiiaI~zer itit aialrta~imiatev .15( Ili andt Iiu. the qfilliellili-n (if 21 ill. In1 21 inl. IPN ti

ill. It requ ire- 115 or 2201 V a.c. 5(o tr 6011, 1tz po~er. 601 IIp/jin.' tr% 4dlt air. aat l1Ii II/iai.'

Fol'aditrt Modatel 81-I. 04ln hitdm lldIzr e41Liijedl %ith \rea- Mitctetallilpliter 1tli. -

'net. it. miihi (ta lidi-is htiip i- iisedp -ilnlate- the partial t4\tdatitli reactioni. that v

tir dliiig eligiie thetertniaiaitns. Th'les rcatioala are- monalitoredI andt theni coarrelatedh With oc4

lanie ratinti".. Thie reactita. l-4a iiiterv'-t are pretroary toa atual ctvailtltiona mnid are, elf-
iltitiatilig, aanfl vii,.ilgiiliag 'Fu- \idaijttl reaction k referredto iv. a *etatI flaiies-

but,,,. it. \1i..... I I ik,, . . J.. , r,~I "- 10.1, ow-li, 1-,II Ht.r-,r A i4sDr t I4 ...q am. b iwi,, ta s,

h., .1- ... 1. 5.



The basic measurement consists simply of injecting a small quantity (10 1l) of sample fuel
intot a flowing air streama and then measuring ith a liermootiple the Iagnitude of the re-itl-
tant exothermic event after the full-air mixture enters the reaction chamber. The instrunlent is
arranged so that the peak temperature generated during each single reaction is monitored.
These peak temperalttres hae beea shown to have good correlation with the research octane
nunuher of gasoline fuisek. the reaction becaling. more severe its [he research oclane noitber

decreases.

The flow svslem schematic and anializer reactor diagram for the Model 81-1, art, priovided as
Figures 1 and 2.2

I1. RESt [,I'S %ND DIS:CUSSI(NS

Three (oordiiialing Research (oumiil ((R() high-seatsitiviy. fill-iboiling-range uieaded
reference fuels were used to dletermine the da%-to-1ay repeatability of lte alpparatus. The stall-
dar, I deiation and the avera ge resglts obtained ilh four runs are shown ill Table I. The
mleasured resiats are gi ven itn TalIde 2.

Table I. Staidard Deviation (a) and Average TX) Valies at 299.1 ° ("

R( )N Peak heighlt Peak Area hu1114ttionl Time I(a in
S a 7 o a

91.6 2508 35 5.51 0.05 0.53 0.0 1

96 1026 55 3.91 0.15 0.68 0.01

100 193 25 2.28 0.13 0.89 0.0 1

It general. the peak height and peak area dereased and i4uction time i||ereased when
he research octane tilli1er inerea.sed. The I teak heigilt ad peak area were also ini creased atad

the iti ,alim|| lime %%as sIorter a i hiiger reactor temlerat tires comptared ith l.wer reactor
Ielailerat tire-. The- resilts oblainied during the variotis runs arc dist'tIssed as follows:

at. Rtln v% Peak leigh(. 'Tli' Iitar ilt tof' Researeh (11lane Number atd peak heighl
im a hat the aeak leight gi, e, the Iwtest torrelatitn aiong the three i.e.. peak height. loeak

area. or i tictio limel meastreme t mtdes for bi reactotr ten tI acrature- aset'd (see Tabl 3).

The Ioltt taf 1 eak height (at :10:1..10 (C) % RO)N i, sl itt ill "igure :1.
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Air Heater/ Air and Sample
Sensor/Fan Inlets

Chromatographic
Type Inject Valve

M g m Sample Outlet

Measuring__
T C. iReference 

T.C.
Reactor

Block Reaction Zone
Cavity

Insulation -- Reactor Heaters

To Vent and Flash
Back Arrestor Drip Pot

Figure 2. Octane Analyzer Reactor.
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r =0.9894

(UNLEADED GASOLINE ONLY)
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Figure 3. The correlation of RON with relative peak height of Octane Analyzer.
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Table :3. The (.orrela ion o.efficienlt 'if ( 1clane Numeir %.- Induction Times. Peak
Iheight... aud Peak Area .

()tanc Iductioi Time @ Peak Area C Peak Area @

Niumlher 299.t 0 : 303.10 C 299.-0 C 303.40 C 299.10o C 303.40 C

R( IN 0.8571 0.8406 0.9226 0.8905 0.9393 0.9390

NI)N 0.7 171 0.7129 0.8592 0.8212 0.9105 0.8676

RON + MON 0.8318 0.8075 0.9175 0.8828 0.9480 0.9310
2

The plot of actual Ri)N (ASTM I) 2699) vs estimnated RON (obtained from the Octane
.. lalvzcr hv using the linear calibration curve of nine gasoline fuels as the one in Fig. 3) is
shown in Figure 4. (0Jly (one samptlc (R()N = 91.0) had a deviation of 0.8 R()N. The devia-
tions of the other eight samplc- ranged front 0.1 to 0.5 R()N which falls within the ASTM D

2699 95 percent confidence level of 0.7 R()N. Clinton anti Puzniak' reported that the Analyzer
% a not Sensitive to fuel composition changes resulting front different refining operations such
as alkvlation. catalvtic. cracking. and reforming. However. new refining techniques have been
introuced since the issuance of the report which may affect the response factors of the
analy zers.

b. RON vs Peak Area. The peak area was thought to Ie more directly proportional to
the released heat which the analyzer monitors. These results. however. (lid not show better cor-
relation with R()N. It call he seen front the typical trace of detector response vs time in Figure 5
that the peaks are not exactly symmetrical and are more asymmetrical in the case of lower
Rt)N fuel sanpl.s. These data show that peak area measurements (lid not give the equivalent
infornation as with peak height measurements. It is known 2 that changes in temperatures

change the linearity of the plot of the primary reference fuel's (iso-octane and heptane nmix-
tures) R()N vs ()ctane Analyzer response. The correlation of RON vs peak area did no( show
meaningful improvements by changes in the operating temperature of the ()clane Analyzer.

lililill. R. I. flit I'uzniak. T. J.. "'lial zig P .r.... I ()lan -I.ins." 4,ilf Re'-irdi & l D-0kieIi . i,, C.,lyam h lrit-im ii lati t

ITkn , 197-1 l pl1 17-50.

't olmwrali,,i ,id. Mlaim,mn,ai t iil it Ia ifl ' rof '.rs I 0,14n, tll,%m nr." hI"m,,,r, -nalviral. 19Hh1.

7



I.O

In

0

* D

Ln cn
cnC

(U3ZIVNV NOU(331WIIS



C3

C441

C=

Nl

CDC

cm,

'A2

It2



c..RON vs Induct ion Time. Although iduction tinie did not give good correlaioii vs
R110N. the five "regular grade" tunleaded gasolie sainpJles (90.8 to 91.7 RO N) gave shorter iii-
ductioni times thani higher RO N "preiumtt grade" tunleaded anid Gasohol fuels.

d. Gasohol and CRC High-Sensitivity Full-Boiling-Range Reference Fuels.
Neither Gasohol nor the CRC reference fuels correlated well with unleaded gasolines. The
greater ulifferenices ini fuel comipositions Probaly prohihited good correlation with unleaded

gasoline.

e.MON vsAnalyzer's Responses. The Anjalyzer rsoss(~. ekhih.Pa
area. and induction timie) were also correlated against miotor octanie numiber (.%( )N). Ilowe~er.
the correlation coefficient calculation did not show any' better here than dlid those obtainjed
with the R( N (see Table 3). It mnay imply that jireigniition is less i1111ortant in the higher speced
enie conidition in w4hich MO N is (leterillned.

f. Antiknock Index (RON + MON/2) vs Analyzer's Responses. The correlation
coefficient of antiknock indlex vs Analyzer's responses was as goodl as the case, of RO N (see
Table 3). While only commiercial unleaded gasolinie was tised for correlation,. the correlation
coefficient of atifknick inidex vs peak height was 0.9872 coriiared with 0.9894 oif RON at
303.4' C reactor teniperat tre.

Ill. EXPERIMENTS

The basic mieasuremient consists simiply of inijectig a smiall (julantity (10 Al) of sampille
fuel fromj a 10-mil reservoir into a flowing air streami. The mtagnitude of the resuiltant exother-
miic event (e.g., Partial oxidlation and cool flamne reactions) after the fuel-air miixture enters the
reaction is nionitored by a therniocouPle. The inistrumnent is arranged so that the p)eak
teniperatures generated during each single reaction are fdeterniiined anid individually recordled.
A tvl~icaI trace detector response versus time for a gasoline samtple is shown in Figure 5. A coni-

plete analysis consists of six automiatically control led injection,. at 5-mm iute intervals. The
averages of these mieasuremients (i.e.. induction tinie. Peak height. and p)eak area) are theni usedI
for correlation with the Research Octane Niriiber valuecs as determined byv ASTM 1) 2099.
Peak temiperatures have been shown to exhibit a linear relationiship with the R(ON valuie of the
gasoline. The reaction, however. becoines itiore severe (e.,,.. increasing Pueak templerature) as the
RON value% decrease.

Because of the limiited nuniluer of fuels available for this investig'atioii. it -was not in-
tended to establish the optimial operation conlitionis.' Two reactor tenlileratures. 299.4' C and]
303.40 C in the range of cool-flame temlperature. were chosen. Air flow rate was set at t0 (ar-

bitrary unit) as suggested in the operating mianutal. The peak heights were obtained fromn the
typ~ewriter terniinal. The induhction timie and Peak area were obtainied fromt a Hewlett Packard
3390A Relporting Integrator which was connected to the Eirect-ottut terininal oni the 0)ctane
Analyzer. Both Peak height and Peak area were mieasured as relative units. Induction time wAas
nieasured fromi the beginining of the atomatic mire~tss (ptish start) to the poeak of the trace iii
minutes.

10



Five samles of regular unleadIed gasolinie and five G;asohol fuels with known octane
ratings were obtained from US Army Fuels and Lubricants Research Laboratory (AFRl,). The
fuels anmd data were obtained couirtesy of the Motor Vehicles Manutfacturers Association
(MVM A). Four "~premium' or "supe r- unleadedI gasolines and one Gasohol fuiel were collectedl
by AFLRL, at local gas stations and rated using the ASTM miethod.

IV. (. )NCI)Sl( )NS

'rThe results of this investig~ativ study hIce generated the following concilisions:

a. The ( ctane Analyzer could bie usedl to monitor the Research Octane Number (R( Ni of

gasoline fuels. More fuel samples with different RO N are tieeded to (definle the correlation with
engine ratings nmore accurately. It is necessary to develop a set of three reference fuels for
establishing the calibrationl curve anid optimal reaction condlitions (e.g.. templerature. air flow
rate. etc.). This method, if dleveloped. would be sujitable for use in the field environment.

1b. Antiknock index (RON + M( N12) of gasoline fuiel may also be determiined hi' the use of
the 0 ctane Analyzer.

c. Fuel composition changes restilting fromi different refinery processe~s couldl possiblly af-
feet the ( )etane Analyze rs response. Fhe sensitivity ( R(ON-MO N) oif fuel was not found to lie a
factor for the dleviation from correlationi line.

dl. G;asohol and/or other oxygenated fuels will prodbably require a different calibtration
curve with the existing Octane Ainalyzer.

e. The use of the Octane Analyzer is not intended to rep~lace the existing engine rating~
method but is an approach to use as a screening test miethod.
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